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ABSTRACT 


The principal objective of this project was to investigate 
the storage characteristics of high moisture feed barley treated with 
marginal Chemstor application rates. Samples in replicates of two were 
conditioned to an average moisture content of 18.7, 22.6 and 25.0%. 
Subsamples of each moisture group were sprayed with Chemstor at an 
overall average of 29, 41 and 51% of the manufacturer's recommended 
rate. The samples were subdivided into units of 130 grams and stored 
in Erlenmeyer flasks at the experimental temperatures of 12.5, 28.0 and 
a7. 00 

The samples were periodically analyzed for carbon dioxide 
production. An analysis for mould and bacteria was conducted at 50, 100 
and 150 days. Acidity values were recorded at the commencement and 
termination of the project. 

The data obtained showed that: 

P The predominate moulds isolated were Aspergillus ruber, 
Aspergillus glaucus and Aspergillus flavus. The relative 
abundance of each mould was influenced by the Chemstor 
application rate, moisture content and temperature. 

fas Mucor, Penicillium and Cladosporium species were isloated in 
trace quantities. 

che The application of Chemstor at 41% and 51% of the commercially 
recommended rate maintained the keeping quality of the grain 


effectively for up to the experimental period of 150 days. 
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Barley stored at 37.0°C exhibited a higher total acidity 
content then that stored at 12.5°C or 28.0°C. 

Virtually no moulds or bacteria were isolated at a storage 
temperature of 370°C regardless of the Chemstor application 
rate. Mould and bacterial counts were obtained at 12.5°C 
and 28.0°C storage temperatures with greater numbers 


occurring at the lower temperature. 
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1. INTRODUCTION 
al Purpose 

The feeding of grain to beef and dairy animals provides a 
means of indirectly marketing grain. Both dry and high moisture 
grain??? can be processed by grinding or crushing, and this product 
used as an animal feed. In Western Canada, dry grain is normally 
processed; however, this may change since reports show that animals 
obtain a better feed conversion efficiency when fed high moisture grain 
rather than dry grain (16). 

Unless unfavorable weather conditions result in the 
harvesting and storage of high moisture grain, the grain commonly will 
be harvested in a dry condition, stored and rewetted prior to 
processing. Rewetting is an unnecessary step if high moisture grain 
can be harvested and stored successfully without the fear of heating, 
spoilage and deterioration by microflora. The ecological relationships 


of these microflora, comprised of moulds, bacteria, yeasts and 


a. According to the current grading system (30), cereal grain 
is divided into three categories on the basis of its 
moisture content. Dry grain is grain with a moisture 
content up to 14.5%. Tough grain is one with a moisture 
content between 14.5 and 17.0%. When the moisture content 
is above 17.0%, grain is graded as damp. In this 
experiment,grain containing more than 17.0% moisture is 
considered to be high moisture grain. 

De In this thesis, all moisture contents are given on a wet 


weight basis. 
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2 
actinomycetes, are complex. The microbial activities are influenced 
by the moisture and temperature of the stored grain. Low temperatures 
offset the effect of high moisture with respect to microbial 
development and deterioration. 

Microflora are not the only cause of high moisture grain 
deterioration. Biochemical changes may cause seed discoloration, 
reduced germination, and an increase in the fatty acid value. These 
changes can result in a condition known as 'sick' grain. Although the 
deterioration process is slow, it is favored by high moisture and 
temperature. 

During the 1960's, liquid grain preservatives were 
successfully used to prevent microbial deterioration of high moisture 
grain. The chemicals involved were mainly the lower fatty acids, 
namely, propionic acid, acetic acid and various mixtures of these acids. 
The use of these chemicals is restricted to grain used for animal feed. 
The propionic and acetic acids are naturally occurring acids associated 
with ruminant metabolism of dairy and beef animals (17), therefore, 
chemically treated high moisture grain is not hazardous to the animals. 

In Alberta, Canada, a commercial preservative under the 
trade name of CHEMSTOR (60% acetic acid and 40% propionic acid by volume) 
can be used to preserve high moisture feed grain. The manufacturer of 
Chemstor claims that this preservative, when applied at their recommended 
rates, will provide indefinite storage of high moisture feed grains. 

Two factors, namely, moisture content and temperature of the 
grain entering storage, influence the effectiveness of Chemstor. The 


constituents of Chemstor are more effective at higher temperatures, but 


i 


§ 
beonsultai ans esttivitos Fstdowaim sit .xefquoo 918 <2sdeoynontto6 
oswusersqmey Wo. niet bevot2 add Yo etutsis0met bis swstetom sid yd 
fetdonotm of fosqeoy tiv swiztom npht Ro deste er? 292720 
| snofisrorrstab bis Insmgaloveb s 
ntsip swdetom dtd ¥o seuss yfno eit ton ote SAO TOVDTM 

sfotserolosetb bese s2uso ysm zopnads [sotmadsoté .nott510 fret9b 
ozedT .oufey bros ys? and nf sogevani is ns yMottsntmas bsoubsy - 

aft dpwodtiA .nterp ‘sor2' 26 nwond nottibnoa 6 At tiuzey 169 2epneno 

bas svutefom dptd yd berovel 2t cf .wole 2f e2ga01q nots roieseb 

. nwsstsgqnss 


si9w 2evisevesesyg nistp biuprl .2'Od@l arid parwd 
awwtetom dptd Yo notisvotwateb fstdovstm tneverq ot boew yl lute2sooue 
_ebtas yttet vawol edt vintsm stow bavfovnt efsotmedo off .nistp 
.2btos s2ed) to gewSxim evoirey bas bins ofésos bron oinotgotg .\! omen 
bast femins rot beau antsy ot bodotndesy ef efsoimario s2edt to s2u SAT 
betstooezs ebfos gafiwooo yl fstusen os 2bfos aiteos bas >tnofqoig ont. 
vovo?ered3 ,( Sf) afemine teed bra Nyrsb to metfodssem Snamtmry dd 
.2temtns afd oF euobvessd ton 2t nisip switetom Apth befes is yi lsotmeds 

oid qSbau svidevrszerq Fstovemmos 5 ,sben6) ,eivadlA al 
(gauToy yd bias otnotgo1 ROA bos bios stiso6 R08) AOT2MIHD to omen obsyd 
7o sew3sstunem SAT .nisip best sywtetom dpth svis2e1q of beau od m5 
babnsemoss1 1Feit Ys ballage natw ,svitevysesyg 2tds tot emtsl2 109 2modd 
.enteyp best wanetone f jose stintiebnt sbtverq [liw .29te 


nt sini deine alli lidide atc ning a 
2 «neh HE 36 HGS on ase Yo Stmutsen iv, 


3 
less effective at higher moistures. Since increases in grain moisture 
are associated with increases of Chemstor application rates, the 
manufacturer has based these rates on the moisture content of the 
grain and not temperature (7). 

Since feed arains are consumed by animals daily, the 
treatment Of feed grains for indefinite storage is not necessary. Tests 
conducted in England and Sweden show promising results for short term 
ambient storage of high moisture grain treated with reduced or marginal 
levels of chemical preservative (31,37,38). 

In this experiment, an attempt was made to simulate and 
study the effect of variations in storage temperature of the grain, 
moisture content of the grain, and the marginal application rates of 
Chemstor upon the microfloral ecoloay and the development of ‘sick' 
grain in high moisture grain stored in Alberta. The concept of carbon 


dioxide (C0O.) production, a by-product of respiration, was used as an 


2 
index of microbial development. According to the manufacturer, 
Chemstor not only inhibits or kills microflora, but also sterilizes 
the grain kernels (7). A substantial increase in C0, produced can 
serve as an indicator of microbial growth. 
Wax Objectives 
The objectives of this study were to: 
1. simulate the moisture content and temperature at which 
high moisture barley may enter storage, 
2. simulate the temperature chanaes that may occur in 
grain during storage, 
3. investigate the effect of temperature on marginal 


levels of Chemstor, 
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quantify the bacteria and moulds on the treated 

high moisture barley, 

identify the prevailing mould species, and 

study the effect of temperature and length of storage 


on the development of ‘sick' grain. 
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2. LITERATURE REVIEW 
raaI| Respiration of grain. 

Grain is a biologically living material which continues to 
respire when placed in storage. The rate of respiration,which is 
attributable to the metabolism of the grain kernels, the associated 
microbial population and, to a lesser extent, of insects,is influenced 
by moisture content, temperature, and oxygen (0,) and CO, concentration 
of the intragranular atmosphere. 

(ea a Influence of moisture content. 

The respiration rate of dry grain is very low. However, the 
respiration rate increases as the moisture content of the grain 
increases. Bailey (3 ) found: 

1. that increases in the respiration of grain occurred at a 

rather constant relative humidity of 75%, and 

2. that different grains have different critical moisture 

values. 
Thus, the critical value for wheat appeared to be about 14.6% and for 
barley 14.5%. 

More recently, Hyde (19) has shown that the rate of 
respiration of microbial-free grain increases relatively little with 
increasing moisture content. The results indicated that the grain 
contributed very little to the total respiration - approximately 
5.0 milligrams C0,/100 grams dry matter/24 hours. 

Leal. Influence of temperature 

An increase in temperature accelerates respiration and a 

decrease in temperature limits respiration. Milner and Geddes (29) stated 


that the normal rate of respiration of grain may not be established 
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for several days since the seeds release C0. when wetted or their 
temperature elevated. The initial CO, output ceases in 24 to 48 hours 
and normal respiration then ensues, whether respiration be due to the 
seed itself or to fungal activity. 

Many investigators have used CO. Output as the only 
indication of respiration attributed to grain; no distinction was made 
to respiration attributed to microorganisms and to that of the grain 
kernels. Bailey and Gutjar (4), for example, studied the respiration of 
15.0% moisture hard red spring wheat sealed in jars for four days, and 
concluded that the CO. Output reached a maximum at 55.0°C. Milner and 
Geddes (27) studied the influence of temperature on respiratory 
activity of 18.0% moisture soybeans, between 25.0 and 45.0°C, and 
concluded that the optimum C0. output occurred at AGO Ce 
(ph ea) Infiuence of oxygen and carbon dioxide concentrations. 

The 0, and C0. concentration of the intragranular atmosphere 
affects the rate of respiration. An ambient C0, concentration of 12% 
Suppressed the respiration of soybean and wheat to about 85% of that in 
air (26,27). Respiration occurs at many concentrations of these gases. 
The breakdown of carbohydrates and fats yielding CO. and water is 
oxidative or aerobic respiration. The fermentative process (anaerobic 
respiration) in the absence of 05 results in CO,, ethyl alcohol and 
various acids (29). 

2.1.4 Measurement of respiration. 

Two general methods are employed to measure the CO., 

production of grain. In one, the grain is kept in a closed container 


and the atmosphere analyzed for its C0, content at the termination of 
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7 
the trial. In the second method, the container is aerated continuously 
or intermittently, thereby enabling periodic analysis of the 
atmosphere for its C0., content. Most commonly, humidified C0,.-free air 
is passed through the container holding the sample, and the CO, produced 
is absorbed in an alkali solution and then titrated with an acid using a 
color indicator. The results are normally expressed as: 

- milligrams CO0.,/100 grams dry matter/24 hours. 
heir Temperature variations of bulk grain. 

Temperature variations in stored bulk grain may be 
attributed to the initial grain temperature entering storage and the 
influence of external temperatures. 

G42 vl Initial grain temperature. 

During the fall season when the grain is being harvested, 
the ambient air temperature can vary considerably from early morning to 
late evening, thus affecting the temperature at which grain enters 
storage. Furthermore, some grain enters storage above ambient tempera- 
tures due to radiant energy. Williamson (43) measured temperatures of 
grain harvested in sunny weather and found grain bulk temperatures 
10-16°F above the ambient. 

Ves hed Influence of external temperatures. 

The external sources of heat are due to the daily and 
seasonal temperature fluctuations. Babbit (2 ) made estimates from 
mathematical formulae for variations in the temperatures of wheat 
stored in unventilated grain elevators. The results indicated that the 
effect of daily temperature variations was scarcely noticeable below 
five inches; the annual temperature variations of grain at a depth of 


13 feet was never areater than 1°F; and temperatures greater than 20 
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8 
feet from the surface were practically unchanged and the wheat remained 
at the temperature of storage. 
vais) Moisture variation of bulk grain. 

Moisture variations in stored bulk grain may be attributed 
to the initial moisture content of the grain entering storage and to 
moisture migration that can occur during storage. 

Zio Moisture content of bulk grain. 

The equilibrium moisture content of the grain kernels 
varies according to the temperature and relative humidity of the 
Surrounding air (figure 1). The relative humidity of air has a diurnal 
range, changing from hour to hour, and also a day-to-day variation 
(figure 2). The relative humidity is generally at a maximum when the 
air temperature is at its lowest, around dawn, and at a minimum about 
mid-afternoon when the air temperature is highest. Therefore, during a 
harvesting day, grain of varying moisture content may be placed into 
storage. Moisture redistribution occurs within bulk stored grain. 
Moisture from kernels of high moisture content migrates to kernels of 
lower moisture content until equilibrium is reached between kernels. 
Lage Moisture migration. 

Hall (13) states that a safe moisture content does not 
necessarily guarantee safe storage in bulk. During the fall warm 
grain may be placed into storage. The grain mass will cool at the 
periphery but not appreciably in the centre. As a result, convection 
currents are set up whereby warm air from the centre of the bin meets 
cool damp atmospheric air at the top of the grain mass, resulting in 


moisture condensation (figure 3). In the spring there is a reversal 
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Figure 1: Moisture content and relative humidity relationship of 


barley at different temperatures (19). 
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Figure 2: Diurnal variation of relative humidity (11). 
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Figure 3: Convection currents with warm grain and cool atmospheric 
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Figure 4: Convection currents with cool grain and warm atmospheric 


air (13). 
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12 
of this moisture distribution and an area of spoilage may occur at 
the bottom of the bin (figure 4). 
leds Microflora of grains. 

Microorganisms are present on the outside and inside of all 
grains. Their abundance on the grain kernels depends upon the 
soundness of the kernels, the location and condition of harvest, and the 
extent of microbial invasion. 

The moulds and bacteria which may develop in stored grain 
not only consume its valuable nutritive components but may be a hazard 
to the health of both humans and animals. 

2.4.1 Abundance of rier ontanan 

Bacteria outnumber moulds on a per weight basis as bacteria 
are present during all stages of grain development. Numerous 
investigators have reported the abundance of bacteria and moulds on 
grain. Semeniuk (34) summarized the results of the investigators 
as follows: 

1. the number of bacteria varied from 8,000 to 12,000,000 

per gram. 

2. the number of moulds present on grain products varied 

from 

(i) 98 to 920 per gram of wheat, 

(ii) 0 to 440,000 per gram of Russian or German 
wheat, oats and barley, and 

(iii) 420 to 1,879 per gram of Red Canadian Spring 


Wheat. 
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rae Sra Types of microflora. 

Christensen (8) states that the fungi in seeds may be 
divided into two groups, namely, field fungi and storage fungi. The 
field fungi are those that invade the developing or mature seed while 
it is still on the plant. The common genera are Alternaria, 
Hekmnthosporium, Fusarium, Rhizopus, Absidia, and Cladosporium. 

These fungi, with the possible exception of Fusarium ( ©), do not cause 
deterioration of stored grain. 

The storage fungi are those which develop on and within the 
seeds and are principally the Aspergillus and Penicillium species. The 
ecology and relative abundance of these species depends upon their 
optimum and limiting moisture and temperature conditions. Thus, the 
Aspergillus glaucus group is the major fungi which invade 13.0 to 15.0% 
moisture grain and produce water as a by-product of growth. An increase 
in moisture content to above 15.5% allows the Aspergillus flavus, 
Aspergillus niger and Aspergillus candidus groups to appear. Subsequent 
increases in moisture above 18.0% allows PenicrcLlLium and other groups of 
Aspergillus to appear and proliferate ( 8,31,35). 

Lakes Water and temperature requirements of moulds. 

Table 1 gives the optimum and limiting temperature and 
moisture conditions for some Aspergillus and Penccrillhiwm species. 
(58 Biochemical changes in stored grain. 

Deterioriation in stored grain alters the fat acidity, 
phosphate acidity and amino acid acidity which, when combined, equal the 
total acidity. The fat acidity or fatty acid value (FAV) increases at 
a greater relative rate than the other types of acidity and, therefore, 


is commonly used as an index of grain deterioriation 45). 
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TABLE 1: APPROXIMATE TEMPERATURE AND MOISTURE REQUIREMENTS OF THE 
Aspergillus AND Penicillium SPECIES. 
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Optima Limits 
Temperature Water Temperature Water 
% Activity” Re Activity” 

ee er ee ee AE NE Se 8 Na Eee oe Me aA 
A. repens* 24 0.93 Pe ss 0.71 
A. chevaltiert* 33 0.93 10 42 7A, 
A. nidulans * 37 Ora7 AW 47 0.78 
A. 4Lavus* 33 0.98 iz 43 0.78 
A. fumigatus * 40 0.97 12 33 0.82 
A. candidus ** 32 0.98 10 44 On 
P. martensir* 23 0.98 5 32 Bre) 
P. isLandicun* 3] 0.97 10 38 0.83 
P. cyckopium* Z3 0.98 5 ae 0.83 
A. nuber** 24 O33 5 38 0.72 
A. niger** 30 0.99 10 45 Ul 
* Data from Ayerst (1). 
a Data from Hall (14). 
a water activity - ratio of the vapor pressure of the water 


in a media to that of pure water at the same temperature 
and pressure. When expressed as a percent, the water 


activity is referred to as the equilibrium relative humidity. 
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Carter and Young (6) produced 'sick' grain by storing 
Fulcaster wheat in sealed containers at various levels of moisture 
and temperature over time intervals up to 687 days. By arbitrarily 
eliminating all samples on which mould growth was visible, they 
concluded that 'sick' wheat formation was associated with anaerobic 
storage. 

Milner et al (25) stored wheat for periods of up to six 
months at varying moisture contents under inhibiting and non-inhibiting 
mould atmospheres. They found that the mould-inhibited wheat became 
‘sick' to the same extent as that under non-inhibited conditions. 

In other investigations, Milner et al (26) and Milner and 
Geddes (28) compared the FAV increases between dry grain, inhibited high 
moisture grain and non-inhibited high moisture grains. Since the trials 
were conducted at one temperature over a short time interval, the 
results did not show the influence of temperature and duration of 
storage. For example, soybeans were stored at 37.8°C for 15 days and 
Regent wheat at 30.0°F for 17 days. From the results, they concluded 
that there were slight changes in the chemical composition between dry 
grain and inhibited high moisture grain but that there were substantial 
increases in the FAV in the high moisture non-inhibited grain. 

These investigations indicated that the effect of mould growth 
was additive to the other deteriorative processes responsible for 
'sick' grain. 
LS Chemical preservation. 

The use of organic acids such as acetic and propionic acids, 
and their respective salts is not a recent innovation in food 


preservation. For example, in 1906 acetic acid was found to inhibit a 
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16 
disease of bread dough called 'rope' (40). However, the researchers 
were more concerned with the maximum bacteriostatic action on the 
pathogenic organisms and minimum toxicity to humans rather than 
prolonged food preservation. 

2-6-1 Mode of action. 

In reviewing the literature, the consensus of researchers 
favor the theory that the undissociated molecules of the propionic and 
acetic acid are responsible for microbial toxicity. Levine and 
Fellows (22) compared the toxicity of acetic acid to that of lactic and 
hydrochloric acids on test organisms of food spoilage, namely, 
Aspergrlhtus niger and different strains of bacteria. They concluded that 
the undissociated acetic acid molecule was toxic to microorganisms. 

The organisms, Aspergillus niger, Salmonella aertrycke and Saccharomyces 
ceneviseae were inhibited or destroyed at a higher pH value with acetic 

acid than with lactic or hydrochloric acids. Their results are recorded 
in table 2. 

Bandelin ( 5) studied the effect of pH on the inhibiting 
efficiency of propionic acid on various moulds by visually comparing 
growth in innoculated Agar slants, which were stored at 30.0°C for 14 
days (table 3). The minimum concentration to inhibit mould growth at 
pH 3.0 and pH 5.0 did not change drastically. This indicates that the 
propionic acid is effective at both pH levels. However, the effect at 
pH 7.0 and pH 9.0 was nearly negligible at the maximum levels tested. 
These results also show, like acetic acid, that the undissociated 


molecule of propionic acid is responsible for toxicity. 
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TABLE 2: THE INHIBITING AND LETHAL ACETIC ACID CONCENTRATIONS FOR 
MICROORGANISMS (22). 


Organism inhibiting lethal 
ph* acidity(%) pH*  acidity(%) 

Salmonella aertrycke 4.9 0.04 4.5 0.09 
Staphylococcus aureus 530 0.03 4.9 0.04 
Phytomonas phaseolk 5.2 0.02 ee 0.02 
Bactkhus cereus 4.9 0.04 4.9 0.04 
Bacillus mesentertcus 4.9 0.04 4.9 0.04 
Saccharomyces cenevis eae 3.9 0.59 owe, 0.59 
Aspergillus niger 4.1 Ore7 oN) ee) 
x the pH at which no visible growth occurred yet the 


microorganism remained viable. 


xe the pH at which total destruction took place. 


TABLE 3: MINIMUM CONCENTRATION OF PROPIONIC ACID REQUIRED TO INHIBIT 
MOULD GROWTH (PERCENT IN MEDIA) (5 ). 


pH Moulds 
Chaetomiun Alternaria Penicillium  Adpergillus 
globosumn Sokant ectrinum niger 
ga) 0.04 0.04 0.04 0.08 
a.) 0.04 0.06 0.08 0.08 
7.0 0.15 + = 0.20 
o + + + + 


Ne ee eee 


+ indicates that mould growth occurred at 0.2% level, which 
was the maximum concentration of propionic acid used. 
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246.2 In-situ preservation. 

Studies (32,37,38) have been carried out on the effect of 
reduced levels of chemical preservative on the keeping quality of grain. 
In all reports the high moisture grain was treated by spraying a 
preservative on the grain and placing the treated high moisture grain 
into storage at ambient conditions. The results showed that grains 
with 19.0 to 28.0% moisture content, which were treated with propionic 
and propionic-acetic acid mixtures at levels ranging from 50 to 100% 
of the recommended manufacturer's levels, kept well up to nine and one 
half months. In all instances, bacteria, yeasts and moulds were nearly 
eliminated. Mould development occurred in several samples and consisted 
almost entirely of Aspergillus candidus. This indicates that moulds, 
which may be resistant to propionic-acetic acid mixtures, may initiate 
spoilage in damp grain, especially grain treated with acid at marginal 
levels. Other investigators ( 9,23,33,39) have also arrived at the 
same conclusion, namely that reduced levels of preservative prevent 
mould from developing. 

ZAG Nutritive value of chemically treated high moisture grain. 

Feed trials conducted over a seven year period (1963-1969) 
at the Montana Agricultural Experimentation Station indicated that 
steers fed high moisture barley gained an average of 0.13 pounds per 
day more than steers fed dry barley (16). The feed trials also showed 
that there appeared to be an increase in the feed conversion efficiency 
in animals fed treated high moisture grain. 

Jones (20) found that heifers fed corn treated with 

propionic acid had an 11% improvement in feed conversion. Young et al 
(44) concluded that the addition of propionic acid to high moisture 


corn gave equal or improved feed conversion performances in swine. 
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In 1970, at Olds, Alberta, a feed trial indicated that, on a 
comparable basis, chemically preserved high moisture barley was of 
greater value as a feedstuff for fattening steers than was dry 
barley (24). 

Since propionic and acetic acids are naturally occurring 
acids in rumen fermentation (table 4) there is less than a 6.0% 
increase in propionate and acetate in the rumen when cattle consume 
20 to 25 pounds of chemically treated high moisture grain. The results 
in table 4 are expressed in moles, and the equivalent gram values are 


presented in brackets. 


TABLE 4: DAILY ACETATE AND PROPIONATE PRODUCTION IN THE RUMEN OF 
CATTLE (17). 


Ration | Daily Production - moles (grams) 

Acetate Propionate 
Hay 14.4 (864.0) BY, 0580373 97) 
Grain - hay 25.0 (1500.0) 8.95 (662.3) 
Pasture 9.6 (576.0) 3 872 WOi27 503) 


renner ennne anne neg nnIn nent 


Hence, the feeding of chemically treated high moisture grain 
to animals would appear to have no adverse effects on the performance 
but, on the contrary, may have an additional energy value to the animal 
equivalent to that of the acid itself. Again, since the acids used in 
the treatments are naturally occurring organic compounds, they should 


present no ecological problems. 
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20 
3. METHODS 
oa Experimental procedure. 

The detailed discussions of the methods used in this 
investigation, and the design and operation of the experiment are 
presented in the subsequent sections of this chapter. 

The grain used was registered seed barley (Hordeum oli). 

For each of the chemical application rates, preweighed portions of the 
barley containing approximately 13.0% moisture were conditioned to the 
desired moisture content to yield a final sample wéight of 1500 grams. 

The individual 1500 gram quantities of conditioned barley 
were treated with marginal ee of Chemstor (table 7). Each 1500 gram 
sample was subdivided into ten 130 gram subsamples (referred to as 
‘units' hereafter) and placed in 250 milliliter Erlenmeyer flasks used 
as storage containers. The flasks were then stored either at 12.5°C 
or 28.0°C and connected to their respective humidity trains. The units 
were identified with respect to the temperature conditions imposed on 
each moisture - chemical combination (table 8). The remaining 200 
grams of chemically treated barley were used for the initial moisture 
and acidity determinations. 

Different temperature conditions were imposed on the units 
at 10-day and 20-day intervals when the units were removed from one 
temperature and placed into another. 

Figure 5 shows a schematic diagram for the statistical design 


of the investigation. 
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Schematic diagram of the statistical design. 
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322 Apparatus assembly. 

Figure 6 shows a schematic diagram of the apparatus assembly 
for each temperature condition used in this experiment. Starting from 
the inlet laboratory air valve, there are seven essential elements to 
this train. 
ie The inlet air was passed through a pressure regulator to 

reduce the air pressure from approximately eighty to 

five pounds per square inch. The air was passed through 

conditioning columns, consisting of four 9 inch x 3/4 

inch 0.D. glass columns closed at each end with one-hole 

rubber stoppers, to remove impurities, moisture and C0,. 

The first two columns contained tightly packed glass wool to 

remove contaminates; the third column contained calcium 

ehloride to remove any moisture present in the air; and the 
final column contained ascarite to absorb C0... Ascarite, 
which is a compound of asbestos and sodium hydroxide, changes 
color from light brown to white when spent. The ascarite's 
hygroscopicity necessitated the removal of water with 
calcium chloride prior to the removal of C0.. 

The efficiency of the conditioning system appeared to 

be adequate as confirmed by the results of the experiment. 

For example, the conditioned air was checked periodically 

for the presence of C0. and none was detected by the method 

used for CO, determinations. Also, many samples produced 
little or no microbial growth on agar plates, suggesting that 
external contaminates were effectively removed. 

‘ The conditioned air then was saturated with water vapor by 


passing the air through sterilized distilled water contained 
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23 
in a 750 milliliter Erlenmeyer flask. The air stream was 
broken up into bubbles by means of an air dispersion filter 
similar to the type used in fish tanks. 
A three-way valve regulated the water-saturated air to 
pass through one of three moisture conditioning trains. 
A moisture conditioning train consisted of two 750 milli- 
liter Erlenmeyer flasks each containing a saturated salt 
solution that provided a relative humidity at a known 
temperature (table 5) which correspended to the relative 
humidity in hygroscopic equilibrium with the treatments 
used in this experiment (table 6). The saturated air 
stream was dispersed through the saturated salt solution 
where a:portion of the water vapor was absorbed by the salt 
solution yielding an air effluent corresponding to the 
desired relative humidity (42). 
A two-way valve regulated the moisture-conditioned air to 
pass through either replicate one or replicate two of the 
samples of known moisture content. 
A manifold distributed conditioned air to each flask. The 
distributing manifold was made of 3/4 inch 0.D. hard copper 
tubing having fffteen 3/16 inch drilled holes with two 
inch pieces of soft copper tubing welded into each hole. 
The storage containers (figure 7) consisted of 250 milliliter 
Erlenmeyer flasks closed with two-hole rubber stoppers, each 
fitted with an outlet-tube and an inlet-tube almost reaching 


to the bottom of the container. The flasks, when filled 
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25 
with treated grain, were attached to the distributing 
manifold corresponding to the desired relative humidity. 
A U-tube, attached to the outlet-tube of the flask and 
containing potassium hydroxide, entrapped the C0, 


produced by the grain samples. 


TABLE 5: SATURATED SALT SOLUTIONS USED FOR RELATIVE HUMIDITY CONTROL 
FOR MOISTURE CONTENT-TEMPERATURE COMBINATIONS (42). 


Temperature Moisture content, percent 

O¢ 18.0 Zs. 25.0 
225 KCl KNO., 
28.0 KNa Tartarate KH,PO, Water 
g740) NHjHoPO, K5S0, Water 
Table 6: BARLEY EQUILIBRIUM RELATIVE HUMIDITIES, PERCENT*. 
Temperature Moisture content, percent 

Or 18.0 2125 25.0 
iZe5 83.0 90.5 95.4 
28.0 87.5 94,4 98.5 
S70 90.0 96.1 100.0 
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i summarized from figure I. 
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Figure 7: Schematic diagram of an assembled unit 
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Ja5 Moisture conditioning. 

Grain is 'hygroscopic' meaning that absorption or 
adsorption of moisture will occur until the grain is in equilibrium 
with the surrounding air. Two methods commonly used to condition 
grain to the required moisture content are: 

1. the direct application of the water to the grain bulk, 

and 

2. the passage of humidified air, corresponding to the 

required moisture content, through the grain bulk. 

Hustrulid (18), using. small amounts of wheat, found that the 
characteristics of naturally moist and remoistened kernels were not 
Significantly different. 

In this experiment, the water was applied directly to the 
grain bulk. The following formula was used to calculate the 
weight of barley required to obtain a final weight ot 150U grams at 


the desired moisture content for each of the three moiSture contents 


used. 
100 - M.C. 
ee a aay 
] 100 - M.C., 2 
where W = weight of unconditioned grain (grams), 


Wo weight of conditioned grain (grams), 
M.C.4= initial moisture content of the unconditioned grain, and 


M.C.,= final moisture content of the conditioned grain. 


2 
The preweighed unconditioned barley was placed into a double-walled 

polyethylene bag. Since the specific gravity of water is ‘one’, the 

difference between 1500 grams and the initial weight of bariey equalled 


the amount of water necessary to increase the moisture content of 


the grain sample to the desired level, and also obtain a final 
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weight of 1500 grams. The water was sprayed on the kernels in a two 
step procedure where one half of the required water was added initially, 
and the remainder 24 hours later. During the conditioning, the bags were 
stored at 4.0°C for four days during which time the bags were frequently 
agitated to provide equal distribution of moisture between the kernels. 
3.4 Moisture determination. 

Moisture content determinations were carried out in 
accordance with the standard air-oven method (12). The standard method 
was modified to minimize the amount of grain required for each moisture 
determination. The extent of modification was the use of three 
replicates of 40 to 50 grams of whole kernels of the moisture tempered 
grain for the initial moisture content. The initial moisture content 
of the grain sample consisted of the moistened grain plus the applied 
preservative. The possibility of the actual preservative increasing 
the moisture content was assumed to be negligible. 

For final moisture determinations, one replicate of 40 to 
50 grams was used from each unit as each unit sample initially weighed 
130 grams from which approximately 35 grams were required for 
microbial analysis and a further 45 grams for acidity determinations. 
All samples were placed in a forced air oven at 130.0°C for 20 hours. 
The loss in weight was expressed as a percentage of the total sample 
weight to give the grain moisture content on a wet basis. 
3m0 Application of the chemical preservative. 

Table 7 shows the recommended and experimental application 
rates of 'CHEMSTOR'. The specific gravity of Chemstor was calculated 
in relative proportions of the acetic and propionic acid content and 


was found to be 1.035. For simplicity, the specific gravity was assumed 
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to be 1.0. Calculation of the amount of Chemstor required for the 
treatment of 18% moisture grain at 25% of the recommended value 
yielded 2.4 milliliters, an amount considered too small to distribute 
evenly on 1500 grams of grain wihtout sophisticated application 
equipment. Since acetic acid and propionic acid are readily soluble 
in water, appropriate water - preservative mixtures were prepared. 

These volumes consisted of three times the calculated application 
amount plus sufficient distilled water to give a total of 45 milliliters 
of solution. Fifteen milliliters of this solution were sprayed on the 
1500 grams of grain. The individual 1500 gram portions of the moisture- 
conditioned grain were placed in a stainless-steel wire-mesh drum 
which was rotated at 50 r.p.m. for 30 seconds while the preservative 
was sprayed on the grain with a fine spray nozzle. 

In a preliminary study, it was found that, when using 
water colored with crystal violet stain, the application of 15 
milliliters of solution to a drum containing 1500 grams of grain 
rotating at 50 r.p.m. for 30 seconds resulted in all kernels 
receiving some solution. Grain samples were examined for crystal 


violet specks. 


TABLE 7: EXPERIMENTAL CHEMSTOR APPLICATION RATES, PERCENT BY WEIGHT. 
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320 Acidity determination. 
Propionic, acetic and formic acids contain the carboxy] 

group 

0 

// 

- C - OH 

and, therefore, are referred to as carboxylic acids. The quantity of 
carboxylic acid present in a solution can be determined by titrating 
the solution with a base. The carboxylic acids combine with bases to 
form salts which hydrolyze in an aqueous solution. For example, the 
titration of acetic acid with sodium hydroxide yields a salt (CHCOONa) 
as in the following equation: 


CHCOOH Fe NAON saa CH COUNaS + HA0 


3 2 
Neutralization of the acid and base occurs at the ‘equivalence point’; 
the neutralization equivalent may be defined as the number of grams of 
acid required to neutralize one gram equivalent of alkali (10). The 
pH of the solution at which the equivalence point occurs can be 
determined with phenolphthalein, an. indicator which turns pink at 
pH 8.3. 

The experimental procedure for determining the acidity 
content of the grain was similar to that used by the manufacturer 
of Chemstor, and is outlined as follows: 

1. a sample of whole kernels weighing 15 grams was placed 
in an osterizer containing approximately 100 milliliters 
of distilled water, 

2. the mixture was osterized at full speed for five minutes, 

3. the mixture then was placed in a beaker and the 


osterizer was washed with distilled water to ensure 


complete acid removal, and 
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4. the beaker was placed on a magnetic stirrer and the 
contents were titrated with a standardized sodium 
hydroxide solution to pH 8.3. A Beckman 
“Zeromatic II" Model 96A pH meter was used to determine 
the pH endpoint. 

08,1 Acidity calculations. 

The following formula was used to determine the Chemstor 

acidity of the grain: 


NaOH x ml NaOH x equivalent weight 


percent Chemstor acidity = 1000 x sample wetght (grams x 100 


where: ml. NaOH = the amount of standardized NaOH added to the solution 
and corrected for the background acidity of the 
grain, and 


N = the normality of the NaOH solution. 


NaOH 
The equivalent weight of Chemstor was determined in 
accordance with the percentage of acetic and propionic acid in the 
preservative. Acetic and propionic acid have molecular weights, 
respectively, of 60 and 74. The equivalent weight of Chemstor is 
60 x 0.60 (60% acetic acid) plus 74 x 0.40 (40% propionic acid) 
equalling 65.6. 
Soa Standardization of sodium hydroxide. 
The sodium hydroxide solution was standardized against 
hydrochloric acid of a known concentration. 
Sey, S) Frequency of grain acidity determinations. 


The background acidity of the untreated grain was 


determined for each moisture level. The total acidity for each 
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Oc 
moisture Chemstor application rate combination was determined from 
the average of three 15 gram samples of grain randomly withdrawn from 
the 1500 grams of chemically treated grain. The percent Chemstor 
acidity was obtained by subtracting the background acidity from the 
total acidity. 

The final Chemstor acidities were determined whenever a 
unit was withdrawn from the experiment. Normally, the average of 
three determinations was used to determine the final total acidity 
content for each unit. However, when two successive determinations 
from the same unit were duplicated, a third determination was omitted, 
and the final total acidity ae based on the two determinations. 

The final Chemstor acidity was obtained by subtracting the 
background acidity (recorded as the initial background acidity of the 
untreated grain) from the final acidity. 

Sal Carbon dioxide determinations. 

Carbon dioxide is fixed as potassium carbonate (K,CO.) when 
it is absorbed by potassium hydroxide (KOH). The amount of CO, fixed 
as K,CO. can be determined by titrating the sample with hydrochloric 


Zh 
acid (HCl) in which the following reactions occur: 


2KOH + CO, cepa te aE H,0 (1) 
KACO, sitll ny em KHCO, + KCl (2) 
KHCO., + HCl ——> 00, + KCl (3) 


The reactions in equations (1), (2) and (3) occur respectively at 


points A, B and C on the carbonate-hydrochloric acid titration curve 


(figure 8). 
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Point B: 


Point C: 
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Curve for the titration of carbonate with hydrochloric 


eel AB 


The solution contains K,C0., water and any KOH that was not 
fixed by the C0,,. 
The addition of HC] to the solution causes the carbonate to 
change to a bicarbonate (KHCO,). At this equivalence point 
of pH 8.3, all the hydroxide and half of the carbonate 
have been neutralized. At this point, the solution contains 
only potassium bicarbonate. 
Subsequent addition of HC] results in the occurrence of 
carbonic acid (H,CO,). At this point, the pH is 5.5. The 
amount of standardized HC] required to lower the pH from 


8.3 to 5.5 was used to calculate the amount of C0. present 


in a sample. 
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The following procedure was used to determine the amount 
of C0. produced in each unit: 
1. the contents of the U-tube were poured into the beaker 
and the U-tube was washed with distilled water, 
2. the solution was titrated with approximately 0.5 normal 
(N) HCl to an end-point of pH 8.3, using phenolphthalein 
aS a color indicator which changes from pink to color- 
less. An exact concentration of HCl is not necessary 
since the existing KOH in solution is neutralized, and 
3. standardized 0.1 N HCl was added to lower the 6H from 
8.3 to 5.5 using methyl-red as a color indicator which 
changes from yellow to red. A standard color blank was 
prepared for pH 5.5 and all samples were titrated to 
the standardized color. 
The amount of added standardized 0.1 N HCl was used to calculate the 
C0, produced, using the following formula: 
mg C0,/100 grams dry weight/unit time = ml. HCl x Nucy X 
correction factor x 44. 
where: correction factor = total weight of high moisture barley 
corrected to 100 grams dry weight. 
All the CO, production data was calculated on a 100 gram dry weight 
basis. 
Sina Frequency of carbon dioxide determinations. 
Initially, carbon dioxide determinations were conducted 
every ten days. As the experiment progressed, it was noted that very 


little C0, could be detected. Therefore, the frequency of C0, 


2 
determination was reduced to the following schedule. After 50 days, 
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C0, determinations were conducted at 70, 90, 100, 125 and 150 days. 
The results from the 70, 90 and 100-day determinations were averaged 
over ten day intervals; namely, 60 and 70 days for the 70-day 
determination and 80 and 90 days for the 90-day determination. The 
C0., determinations for 100, 125 and 150 days were recorded as 
determined. 
ome 2 Frequency of aeration. 

The units were aerated every five days up to the 50-day CO, 
determination interval. Thereafter, the units were aerated every 10 
days to the end of the experiment at 150 days. 

878 Microbial analysis. 
See iial Frequency of analysis. 

Each unit was analyzed for its microbial content at 50, 100 
and 150 day intervals. If a unit exhibited microbial growth, whether 
it was signaled by a sudden increase in CO. production or from visual 
observation of mould growth, that unit was also analyzed. 

Siiehws Removal of grain samples. 

Using ‘aseptic’ techniques, approximately 13 grams of grain 
were removed from each unit, placed in sterilized test tubes, sealed 
and stored at 4°C until microbial determinations could be conducted. 
The following aseptic procedure was used to remove individual grain 
samples from each unit: 

1. The rubber stopper was removed from the Erlenmeyer 

flask, and the mouth of the flask was flamed. 

2. The spatula, which was used to remove the grain kernels, 

was placed in ethyl alcohol, withdrawn and flamed. 
Sufficient grain kernels were removed and placed in 


sterilized test tubes. 


ott .nottsitareteb ysb-0e ks ei eect eae a 
28 babwoos avon 2ysb O8F bas 281 ,O0F vot enoisentmatsb <0 


HOTT B96 to yonsupsy4 S.A.€ 


509 tabla sti ot qu eysb ovit yrava beds 196 da et inant 
Of yrsve baferse svaw etitw ot .voftsovedT .Peviadnt notteninmedsb 
.eysh O27 t6 dnemiteqxe Shs to bans odd of eysb 
.2feyfens TsfdovaIM BE 
.2teylans to yonsupeya T.8.€ 

0OF .02 Js Inasnoo Iatdovstm 2tr tot boxy lens 2aw thiw ros3 
yorterw .itworp fetdorstm basididxe tau s ¥1 .efeyviednt ysb O8f bas 
fsuvetv mov? yo nofdoubord g09 nt seesyont nsbbue 6 yd bofsnpte esw $f 
-bosyfsns oels asw Stow tent .ddwove biluom To notevysade 
.eatqmse nteve Yo Lsvomes $.81e 

nieve to ameve &F yfetemtxetqgs ,esuptntoss ‘aitiqees’ pata | 


balsae .esdud Jest bestifved2 at bepelq .Jinw i259 ciort bevomey ero 


.badoubnoo 4d biyod enottentinradab fstdovsim [tt 3°) 46 bsvote bne 


riknne, teabbv tb emt en SU TERE PEUETNAT 
ae J 


36 
3. The mouth of the Erlenmeyer flask was reflamed, the 
rubber stopper replaced, and the flask replaced at 
the temperature of storage. 
Shake ps: Preparation of dilutions. 

Ten grams of barley were placed in a sterile dilution bottle 
containing 90 mls. of sterile distilled water yielding a 1:10 dilution. 
The dilution bottle then was placed on a horizontal shaker for 20 
minutes at 276 revolutions per minute. 

Subsequent dilutions of 1:100 and 1:1000 were prepared in 
sterile distilled water as follows, by pipetting with a sterile 
pipette: 

Dilutions: 1:100 - 10 mls of 1:10 dilution + 90 mls water 

1:1000 - 10 mls of 1:100 dilution + 90 mis water. 

Each dilution bottle was shaked to obtain homogenity; 25 complete up- 
and-down movements, of about three feet. 
3.8.4 Quantification of the microbial load. 

Plating for bacteria and moulds consisted of using 0.1 and 
1.0 mls. of the 1:10 dilution for units stored at 37.0°C or units 
treated with Chemstor levels Cy and C3. Appropriate higher dilutions 
were plated using 0.1 mis of suspension for units treated at Chemstor 


level C, and stored at 12.5°C or 28.0°C. Three replicates for each 


] 
dilution used were plated. 
3.8.4.1 Bacterial quantification. 

Plate Count Agar was used to determine the number of 
bacteria present on the grain kernels. The plates were stored at 


28.0°C for 48 hours. Plates containing between 30 and 300 colonies 


were counted. The average of three plates was used for the total 
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3y, 
bacterial count, expressed as the number of viable bacteria per one 
gram of wet weight. 
Oro. 452 Mould quantification. 

Phytone Yeast Extract Agar containing 0.01% weight per 
weight actidione (a bacterial inhibitor) was used to culture the 
moulds. The plates were stored at 28.0°C for 72 hours and developed 
colonies were counted. The plates were replaced at 28.0°C and 
stored for sufficient time for further development of the mould 
colonies for identification. 

Cais) Mould identification. 

The moulds were characterized according to physical 
morphology, that is, color, shape and size. Isolates were prepared 
from groups of moulds having the same characteristics and then sent 
to a mycologist for identification. 

Sige) Removal of a unit. 

Units were removed from the experimental conditions whenever 
a sudden rise in C0, production signalled mould development or whenever 
moulds were visually observed. The length of storage for each unit 
removed was arbitrarily chosen by the author. Characteristics such as the 
amount of C0, produced, extent of moulding and total moulds and 
bacteria present influenced the recorded storage time. 

3.10 Experimental design. 

The experiment was of a factorial design consisting of two 

replicates, three moisture contents, three Chemstor application rates 


within each moisture content and ten temperature conditions. 
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4. ANALYSIS OF DATA 
4.] Methods of data analysis. 

The methods of analyzing the data consisted of statistical 
procedures involving analysis of variance and Duncan's New Multiple 
Range Test (36). 
ie Ce Independent variables. 

The source of variation, their codes and subscripts used 
in the analysis are given in table 8. 

Lea aie Type of data. 

For the analysis of variance, periodic C0. production, final 
Chemstor acidity values, final pH, final moisture content, and length 
of storage data were considered. The actual values for the parameters 
measured are given in Appendices A and B. 

4.2 Analysis of data - analysis of variance. 

The analysis of variance of the data was carried out on the 
basis of a split plot design with moisture content (M) and Chemstor 
application rates within moisture content (C/M) in the whole plot and 
the temperature conditions (T) in the subplot. 

The calculations involved in the analysis of variance were 
made using a modified version of a University of Alberta Computing 
Centre Library Program (41). The extent of the modification was the 
printing of the F-values and the probabilities of variance ratios on 
the computer output sheets. 


The model for the analysis of variance was: 
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Yea. =u+R, + M. : : 
ijkim ¥ R; Mi $ CK (5) cITTS* THK (5) e me 
t oat: Mgt : a : ; 
where Yijkim = the measurement of the aa replicate of the gen 
moisture content of the k(3) th chemical application 
rate within moisture of the Te temperature treatment. 
ite 
ee Uyans 
eel bias 


Paneer, Amir 110, 

The expected mean squares (table 9) were computed assuming 
replicates as random sources of variation, with moisture content and 
Chemstor application rate within moisture and temperature as fixed 
sources of variation (15). The interactions with replicates were 
combined to form the error terms. The whole plot error (error 1) 
consisted of the interaction of replicate with moisture (RM) and 
Chemstor application rate within moisture (RC/M). The sub-plot error 
(error 2) consisted of the interaction of replicate with temperature 
(RT), temperature by moisture content (RTM) and temperature by Chemstor 


application rate within moisture (RTC/M). 
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TABLE 8: LIST OF VARIABLES, CODES, SUBSCRIPTS AND THE LEVEL 
OF EACH USED. 


NS 


Variable Code Subscript Level 
Replicate R ] 

2 
Moisture M ] 18.0% moisture grain. 
Content 2 21.5% moisture grain. 


3 25.0% moisture grain. 


Chems tor e ] 25% of the recommended application rate. 
Application 2 50% of the recommended application rate. 
Rate 3 75% of the recommended application rate. 
Temperature i ] initial temperature - 125°C; 

Conditions 28.0°C after 10 days of storage. 


2 initial temperature - 12.5°C; 
37.0°C after 10 days of storage. 
3 initial temperature - 12.5°C; 
28.0°C after 20 days of storage. 
4 initial temperature - 1250 °C; 
37.0°C after 20 days of storage. 
5 maintained at the initial temperature 
itp Ue 
6 initial temperature - 28.0°C; 
12.5°C after 10 days of storage. 
7 initial temperature - 28.0°C; 
37.0°C after 10 days of storage. 
8 initial temperature - 28.0°C; 
12.5°C after 20 days of storage. 
9 initial temperature - 28.0°C; 
37.0°C after 20 days of storage. 
10 maintained at the initial temperature 
of 28.0°C. 
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TABLE 9: TABLE OF EXPECTED ERROR MEAN SQUARES (E.M.S.) 


2 a eee ee ee ee ee See 


Source of variation Degrees of freedom E.M.S. 
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AeiZ ol Analysis of variance (Modified). 


The analysis of variance model in section 4.2 was used for 
the analysis of variance on the 10,20,30,40 and 50-day CO, production, 
final Chemstor acidity, final pH, final moisture content and length of 
storage data. For the 60-day and subsequent CO, production data, the 
analysis of variance model was modified to accommodate the removal of 


a unit from the experiment, because of microbial development, thus 
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resulting in a non-orthogonal statistical design. Orthogonality for 
the analysis of variance was maintained by the following techniques: 

1. The C0, production data from the units containing 
high moisture barley treated with the lowest Chemstor 
application rate within each moisture content were not 
included in the modified analysis of variance procedures, 
and 
2. the average C0, production from the remaining units 
maintained under the same experimental conditions was 
substituted when a unit containing high moisture barley, 
treated with higher Chemstor application rates within 
each moisture content, was removed due to microbial 
development. 
The modified E.M.S. used in the analysis of variance on the 60-day and 
subsequent CO, determination periods are given in table 10. 
4.3 Duncan's New Multiple Range Test 
Using appropriate procedures as detailed by Steel and 
Torrie (36), Duncan's New Multiple Range Test, or Duncan's Test, was 
carried out on the means of factors and/or factor interactions that 
indicated significant differences when tested in the analysis of 


variance. 
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TABLE 10: TABLE OF EXPECTED ERROR MEAN SQUARES (MODIFIED). 
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bee RESULTS 

The chosen grain moisture contents were within the range 
that high moisture grain may be harvested, while the Chemstor 
application rates were considered to be sufficiently low to allow 
microflora to develop and proliferate. The chosen storage temperatures 
simulated conditions that may occur during harvesting, caused by 
ambient temperatures and solar radiation, and during storage resulting 
from microbial and grain respiration and ambient temperature fluctuations. 
However, there were a number of factors which may deviate from practice. 
In stored grain, forced aeration does not occur; the gases diffuse 
through the grain bulk instead. In this experiment, intermittent 
aeration of the units was necessary as the C0. produced was used as an 
index of microbial development. 
ee Initial conditions. 

The initial experimental moisture contents, pH and Chemstor 
application rates are summarized in table 11. The overall moisture 
contents for moisture levels M, (18.7%) and M, (22.1%) were respectively 
0.7% and 0.6% higher due to a malfunction of the spray equipment during 
the conditioning procedure of replicate one. No overall moisture con- 
tent differences existed in moisture level M,(25.0%). 

The actual overall Chemstor application rates obtained were 
29, 41 and 51% as compared to the theoretical values of 25, 50 and 75% 
of the recommended application rates. The vaporization of the Chemstor 
into the air during spraying of the barley samples may account for the 


rates being lower than those originally considered. 
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Shaye Carbon dioxide production. 


The overall mean values for the different variables are 


presented to show the trends. Table 12 shows the overall mean CO 


2 


production for each temperature condition. A total of 18 units was used 
to obtain the average value for each temperature condition for 10 to 50 
days. The average of 12 units was used to obtain the values for 60 to 


150 days. Generally, after 30 days,the mean C0. production for each 


temperature condition decreased until a stabilized respiration rate 


was achieved. 


TABLE 12: THE MEAN CO, PRODUCTION FOR THE TEMPERATURE CONDITIONS, 
mg CO,/100 grams/unit time*. 
Days Temperature condition** 
lieccegse Bute Leucadia ree Uy ee My le 
10 62.7 66.5 61.8 63.9 66.6 173.7 159.2 178.3 172.5 178.5 
20 127:5) 161.7 3lele 33.2 WB4e5 26:2)9 86.2 78s3 78.69%82.1 
30 62 gelh 4 OI lee6 0 19698 19285 los 8 toy oa 
40 Boba lei 55) bee lds Gh) leno) O55 10/26 6.3 eindue 3 
50 29.66M0.5 45.1% 9.9 Wea 7.99 11.4 ‘62 12.9 26.7 
60 Aart OMENS C7 Aor) wktG 5 Wh. 3 620 0! 7 mene, 5 Pm0.D 21902 
70 cpa MCRe eS RL 9 ay ed Yeh Opie 
80 Apsuaro.3: 3,310.1 1-398 -10.2. 42 10.2 44.1 
90 5.8 08.9 3.9m 9.6. 9 3.99 8.9 23 10.9 74.3 
100 9) be tge Sg Tih May ey Ae Pome Y=) fe Nam Peake Cg Pencoa2e Wena la leche 
125 Din Omsz0i Semel edn 21a 7e we 10sde Mou ag 20680) 24090 198 5e 25.6 
150 7 oie 5) phoma toe TEKas | how CG, progypongey Wag 7,4 


ts From 10 - 50 days, the average of 18 units was used for the 
mean CO, production, whereas from 60 - 150 days, the average 
of 12 units was used for the mean C0., production. 


kk 


The description of the temperature conditions are given in 


table 8. 
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Table 13 shews the overall mean CO, production rates for each 
moisture Chemstor application rate combination. With the exception of 
the treated 18.7% moisture grain, the mean C0. produced from each 
moisture content decreased with an increase in Chemstor application 
rate. 
TABLE 13: THE RESPIRATION OF HIGH MOISTURE GRAIN AT VARIOUS CHEMSTOR 

ACIDITIES, mg C0,/100 grams/10 days. 


Initial Initial 

Moisture Chemstor Storage days 

Content, Acidity, 

percent percent per 10 20 30 40 50 

100 grams dry matter 

0.28 80 101 85 oy) 35 

18.7 0.39 88 76 5] 16 9 
0.52 67 52 39 13 8 
0.36 201 136 72 23 27 

22.6 0.51 le 81 4] 13 9 
0.60 95 49 29 10 9 
0.49 245 118 5] 39 44 

25.5 0.68 83 35 15 8 7 
0.82 56 iW 10 7 7 


Figure 9 shows the overall mean CO., production for the 
marginal Chemstor application rates. The respiration of the high moisture 
barley treated with 41% and 51% of the recommended Chemstor application 
rate decreased to a mean of 6 mg. CO, per 10 days at 50 days of storage. 

A respiration rate of 32 mg. C0, per 10 days was recorded at 40 and 50 


days of storage at 29% of the recommended Chemstor application rate. 
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O——o 29% of recommended rate 
170 o——-n 41% of recommended rate 


160 a——~A 51% of recommended rate 
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100 


CARBON DIOXIDE PRODUCTION - mg-C0,/100 grams dry wt./10 days 


50 


10 20 30 40 50 60 
STORAGE - DAYS 


Figure 9: Influence of the overall mean marginal Chemstor application 


rates on respiration. 


49 

Figure 10 shows the mean respiration rate due to moisture 
content. Normally, increases in C0, production are associated with 
increases in moisture content (3 ). However, the amount of Chemstor 
applied affected the CO, production rate. At 10 and 20 days, the C0. 
produced from the 22.1% moisture grain was greater than that produced 
from the 18.7% moisture grain, but the C0, produced from the 25% moisture 
grain was not greater than that produced from the 22.1% moisture grain. 
At 30 days, increasing moisture contents were associated with decreasing 
C0., production. At 40 and 50 days, the overall mean C0. production 
ranged by 7 mg. and 3 mg. respectively. 
Sucal Analysis of variance - carbon dioxide. 

Tables 14 and 15 respectively give the analysis of variance 
for the C0, determination intervals for three levels of C/M (C,, Co, and 
6 


and two levels of C/M (C, and C The computed F-values indicated 


=) *. 
that the main effects due to C/M, moisture content and temperature were 
Significant. 

The C/M was highly significant at 10, 20, 30, 40 and 50 days. 
The effect of moisture was highly significant at 10, 20 and 30 days. 
The effect of temperature was highly significant for all C0, determination 
intervals irrespective of the number of levels of Chemstor application 
rates used in the analysis of variance. 
At 60 days***, the analysis of variance was conducted using a 


high CO. production of 180 mg. for unit RoM3CoT 19: As a result, one 


g 
high CO. production value negated any significant effects that may have 


existed. 
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150 | 
®—@e18.9% moisture content 


m@—e22.5% moisture content 


@ \4—425.5% moisture content 


CARBON DIOXIDE PRODUCTION - mgCO,,/ 10 days 
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Figure 10: Graph illustrating the relationship between various Chemstor 


treated moisture conditions and respiration. 


on ya - Riel 


7 ; 
a ne = 7 
1 ry aoe 1 


eres : 
_ At +e ee it ee 
ae i ry Pai 6 ik Pats i? = we 
ae era tis . ci alta es | 
io oh ae Bae cae 7 _ . ‘< 


5] 


"Lara, AZLLLgeqoud [9° ye yuedLyLUBLS a 

"Lara, AZLLLGeqoud go°o 7e JuedLyLUBLS * 

9°€EL 8 "bbl Cavee 9°62 0°6L9 L8 AOddA 

¥x66°9 9°f€6 4x8L°€ L°SvS -xxbl'y O°66ZL xx8E°S 6°68SL -x66°2 O°LSBL S W/d xX 1 
LO‘L «= E°EGL oxeby'2 «= BEGE =—s awa E"OL 2°VESZ xxl€°6 E°22G2 -xelv'€ O°'OLLZ 81 WX 1 
*x90°LZ G°ZL8Z *xv0'6Z 2°S0ZH = xxZ6°86 =O OZLLZ ¥x08°ZZL 0°86Z9E xxbE'S6 0°SLO6S 6 1 
O°LLS 8°9LS G*VLEL L°E€ve? 9° L9GE 8 AOU 

xx€€°OL L°182S xx6L°L P'OLZE = xx86°L L°26VOL = xxlb'Sl O'OZL9E xxLL°SZ 9°L6S68 9 W/9 
L> 8'bbe ve'L L°€69 wxxlZ°ZL O°LOLOL ¥%G2°9 O°228SL xx0'22 O'LL66Z g W 

O6°L L°0L6 y8°2 9°99HL EZ'p €°€9G5 62° O°S90OL ¥x90°ZL O'LEOED L u 


ee eeeeas a ee 


anjteA-4 auenbs anjea-4 auenbs anjerA-4 auenbs anjeA-4 auenbs anjea-4 auenbs wopaar4 


ueay ueaW uray uray uray 40 UOLZE LUCA 
skep Qs SAep Or shep o¢ skep QZ skep ol Saaubaq 40 adunos 
*NOTLINGOUd C09 ~- FONVIYWA 30 SISATVNY ‘vl J18VL 


a 
7 


ie. 
7 4® 
7 


=D a pies 

te I ; £687 

s+ <a* [ 
— 


—— Page el 
—_— ne > 
= aie 


7 2 


mat 


a) 


+e80.25 S,2089 


BLE T.Bhe 
& Ap 


=< oA Fees = #*TN.ST ; 


#80 ..5 


ehfEr 


**SO 82. O.OSIVS **08.SS/ 
*eOE OF SESS: **TEL2 
O.CeST **8E.2 


SANS 


0. fOVaT 
T.SOhO; **TALeT O,OST8E **PT.8S VO. 
T.ERES - 


#803 0.Ss82t ObiSS 


O82S0E **BE 2! 
e Stes od OO 
o.egar  **06.5 | 
3 .8es : 


foveal yiTidedorg 20,0 t6. sneak 


™ 7 


Tavel ysttidsdorg 10.0 a6 dns 


32 


54 SUL CA Cae 


09 bu og, = 9! )%>Fw2y atun eee 
"Lara, AZLLLGeqoud [9°O a4 7e ZUedESLUBLS xy 


"Lana, APLLLEGeqod go*g ay2 3e quedLsLUBIS * 


€L’s L0°9 Ge °8 Geeteg (2) 404g 

L> 6€°D L> 86° L> LO*Y L> Gb °692 W/ X L 

¥¥21°9 JE MLE ¥¥f0"P 0S °v2 ¥¥68 °E Gt Ze coe 79°SL2 WX 1 

x«L0 02 OL Sel *x0L "SL 98 °60L +08 "6 28°18 L> 0€ °692 L 

06°2 89°¢ | 8 °6 ELLE (L) 4044] 

18° 68 °9L 6L°€ 98h? ga O2'cl fe. Lp 68L W/9 

xc€ LL 68°2E bo 6b 02 89 °€ cone L> 86 "SEZ W 

xx LP SY 88° Lel eeu | 00°L6 ¥9G°/ ov bl [ 28° LS | 
an, eA-4 auenbs an, eA-4 auenbs an, eA-4 auenbs an, eA-4 auenbs 

uray ueay uray ueay UO LZe LUA 

skep 0g skep O/ skep gg xxxShOp Q9 $O 9duN0S 

"NOTLONGOYd “09 - (G3ISIGOW) JONVIYWA 4O SISATWNY °SL 318VL 


53 


"pana_ AZLLLGeqoud [Q°O ayy 7e JURdLJLUBLS 44 


"para, AzLLLgeqoud go°o ayz 3e WUedLJLUBLS * 

Se a, eS eee ee SR Mee Seen Mile Wee Aad Ree oe Ee ET ae 
98°LL 6°€94 EG" Le 2p LL (2) 40443 

te 92452 [> 68 60h [> Pee 90°L OL*2L W/d X L 

2S' 1 82°8LL fe €°68S ¥x€E °Z Z€ EL ¥x60°1 2L 9p WX 1 
xx06 '€ 6b “€0€ 9€*L 9°8z9 ¥x9 LE 8b 66 ¥%86 °8 6S°Z0L ii 
GZ°2LL ba LL6 28°0S L2°8l (1) 40443 

i> ws evace [> 2°SG6 [> €L°9€ [> 6L‘OL W/9 
G2'l ev" Lvl fie «| eyed Eig L2°801 L2°s 16°76 W 
€s'| v0"EZL vy'2 8°LLEZ 98°€ y8°G6L Lg°9 09°8LL Y 
ueay uray uray ueayW uOLZeLUeA 

skep Osh skep G2] skep OOL sKep 06 $0 9DUNOS 


GSANILNOD = =SL J1aVl 


54 
5.3 Final Chemstor acidity values. 

For the purpose of statistical analysis, the final Chemstor 
acidity values (Appendix B) were corrected to 100 grams dry weight 
basis. The final mean Chemstor acidity values due to temperature, 
moisture and C/M are shown in table 16. Where applicable, the initial 


Chemstor acidity values are given in brackets. 


TABLE 16: FINAL MEAN CHEMSTOR ACIDITY VALUES DUE TO TEMPERATURE, 
CHEMSTOR APPLICATION RATES WITHIN MOISTURE AND MOISTURE 
CONTENT meen CeN Ii 


a) Temperature 


Temperature conditions 


1 15 1, 'y 1, 16 Nie g  eelalic get 10 


0.41 0.72 0.40 0.76 0.40 0.42 Oei3, O0543° 0566 0.42 


b) Chemstor application rates within moisture. 


a eee ear 


Level of Chemstor applied Initial Moisture content, percent 
Rr pA EAS S96 Oe eel ee) OO Se ee ee 
1ee7 22.6 Reso 
C 0, 2601028 je 0. 3/a(eog em Ont ou(Qme a) 
os 0.42 (0.36) 0.52 (0.51) 0.78 (0.60) 
C 0.47 (0.49) 0.60 (0.68) 0.96 (0.82) 


a ee eS eS SS EE — ee 


c) Moisture content 
os |. Fhe ana lvetc of yariance for the fing) oh values 


Initial Moisture content, percent 


eel 7 22.6 ao yk) 


a 


0.38 (0.40) 0.49 (0,49) 0.72 (0.66) 
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Hy She Analysis of variance - final Chemstor acidity values. 
The analysis of variance for the final Chemstor acidity 
values are given in table 17. The main effects due to temperature, 
moisture content and C/M were highly significant. The second order 


interaction temperature x moisture (T x M) also was highly significant. 


TABLE 17: ANALYSIS OF VARIANCE - FINAL CHEMSTOR ACIDITY VALUES. 


ee eee 


Source of Degrees of 

Variation Freedom Mean Square F 

R ] 0.0243 <] 

M 2 1c A/ os 5B269%* 
C/M 6 0.6504 ZleoUs 
EEO (als) 8 0.0303 

"f 9 0.4526 59, 98** 
™ 18 020315 a kak 
TC/M 54 0.0067 <] 
Error (2) 8] 0.0075 


x Significant at the 0.05 probability level. 


rfl Significant at the 0.01 probability level. 


5.4 Analysis of variance - pH. 

The analysis of variance for the final pH values 
(Appendix B) are given in table 18. The effects due to temperature and 
C/M were significant at the 0.01 probability level. The moisture content 


of the barley was significant at the 0.05 probability level. 
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TABLE 18: ANALYSIS OF VARIANCE - FINAL pH. 


ee REI 


Source of Degrees of 

Variation Freedom Mean Square F 

R ] 0.0067 <] 

M 2 623/05 8. 60* 
C/M 6 Ove3 17 16 29a%e 
Error (1) 8 0.0431 

Vs 9 On 7565 Jocoo. 
T™ 18 0.0104 <] 

TC/M 54 0.0224 7300 
Error (2) 8] 0.0136 


* Significant at the 0.05 probability level. 


** Significant at the 0.01] probability level. 


S25 Analysis of variance - moisture content. 
The analysis of variance for the final moisture content is 
given in table 19. The main effect due to moisture was highly 


significant. 
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TABLE 19: ANALYSIS OF VARIANCE - FINAL MOISTURE CONTENT. 


ee eS Ol ee ee ee ee 


Source of Degrees of 

Variation Freedom Mean Square 5 
Se ee a a an ee 
R 1 15.78 4.20 
M 2 630.47 1072907" 
C/M 6 Oar <] 
Error (1) 8 32/6 

T 9 O77, cud 
T™ 18 0.0717 <] 

TC/M 54 0.1428 1.30 
Error (2) 8] 0.1097 


“6 Significant at 0.05 probability level. 


ish Significant at 0.01 probability level. 


5.6 Analysis of variance - length of storage. 

The mean length of storage due to C/M and temperature are 
given in table 20. 

The analysis of variance for the length of storage is given 
in table 21. The main effects due to C/M and temperature were highly 
significant. The third order interaction temperature x C/M was also 


highly significant. 
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TABLE 20: MEAN LENGTH OF STORAGE DUE TO CHEMSTOR APPLICATION RATES 
WITHIN MOISTURE AND TEMPERATURE. 


a) Chemstor application rates within moisture 


Chemstor application rate 


Moisture Level C, C. C4 
M, 95.5 150.0 150.0 
My 113.0 150.0 141.0 
M. 104.0 141.0 150.0 
b) Temperature 
Temperature condition 
i Ty ees Te 6 es Ce one 10 


TOR CPI45S0+ M11 OSES 1502 08 1262 OTST Ore 1 SOLOF M45 KOE G8s,9 mes, 


TABLE 21: ANALYSIS OF VARIANCE - LENGTH OF STORAGE. 


Source of Degrees of 

Variation Freedom Mean Square F 

R ] 464.01 <] 

M 2 195595 <] 

C/M 6 13016.9 eeeoqe 
Error (1) 8 1017.80 

T g 5722.90 15, 40** 
T™ 18 619.41 1,67 
TC/M 54 1492.00 4.01** 
Error (2) 8] 371.66 


a en a 
* Significant at 0.05 probability level. 
*k Significant at 0.01 probability level. 


O.80f @.8&f O.epr 0.08 O.2ef O.ast eka oat 8.X0F 


"3 ei5ipe neoM — noftetisy 


[> f0,8oR vo 
[> ae. aet s 4 
AOE SI 2 .aroer % om 


‘0B. SOF ‘Ate (1) rena 


**OR af oe, Ssta . erty y4 | 7 1m T => 


59 
sit! Microbial examination. 

The microflora were estimated per gram of grain rather than 
per gram of dry matter. The initial microbial load of the 10.0% 
moisture barley consisted of 800 moulds per gram and 1.18 x 10° 
bacteria per gram. The identification of the mould population was 
not carried out as it was assumed that these moulds would consist 
predominantly of field fungi and not storage fungi. 
eho Mould content. 

The Aspergrllus species, consisting of three groups, namely, 
A, ruber, A, flavus, and A. glaucus, were the predominate mould isolated 
from the Chemstor treated high moisture barley. The relative abundance 
of each Aspergillus group was dependent on the rate of Chemstor 
application, moisture content and temperature. The Penicillium, Mucor 
and Cladosporium species were also isolated in trace quantities. 

Appendix C gives the mould count data for all the units. 

Where applicable, the relative occurrence of each Aspergrllus group is 
also given. 

Figures 11, 12, 13 and 14 are plots of the relative 
Occurrence of the three Aspergillus groups with respect to Chemstor 
application rates, moisture content and temperature. The points in each 
figure represent the averages of applicable units which are given in 
Appendix C. 
5.7.1.1 Effect of Chemstor application rates. 

At 12.5°C (figure 11), the A. gaucus group was the 
predominate mould at the lowest Chemstor application rate, C1» within 
each moisture content. As the Chemstor application rates within each 


moisture content increased, the relative occurrence of A. glaucus 
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60 
decreased. On the other hand, the A. ruber group increased in relative 
abundance with respect to increasing Chemstor application rate with 
each moisture content. Also, the relative abundance of the A. bLavus 
group increased by 11% with increasing Chemstor application rates for 
the 18.9% and 22.5% moisture barley. However, at 25.5% moisture 
content, the relative abundance of the A. 4Lavus group was 42% higher 
with respect to increased Chemstor application rates. 

At 28.0°C (figure 12), the A. gfaucus group decreased in 
relative abundance with increasing Chemstor application at 18.9% and 
25.5%. There was a 6% increase in relative abundance of A. glaucus 
at the 22.5%. A 76% increase was found in the relative abundance of 
A, ruber with increasing Chemstor application rate at 18.9%. No trend 
could be obtained at the 22.5% moisture since only one point was present. 
At 25.5% moisture, the A. glaucus group increased very little - only 9% 
with respect to increasing Chemstor application rate. The A. ¢Lavus 
group indicated a drop in relative occurrence with increasing Chemstor 
application rate at the 18.9% and 22.5% moisture levels. However, at 
the 25.5% moisture level the relative occurrence of A. 4avus increased 
with increasing Chemstor application. 

Safe lee Effect of moisture content. 

At 12.5°C (figure 13), the optimum relative occurrence of 
A. ruber was at 22.5% moisture, and of A. gflaucus and A. fslavus at 
25.5% moisture. 

At 28.0°C (figure 14), the optimum relative occurrence of 
A. nuber was at 18.9% moisture, of A. f£avus at 22.5% moisture, and of 


A. gkaucus at 25.5% moisture. 
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Figure 13: Graph illustrating the effect of moisture content on the 


relative occurrence of the Aspergillus moulds at 12.5 °C. 
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Figure 14: Graph illustrating the effect of moisture content on the 


relative occurrence of the Aspergillus moulds at 28.0°C 


ay 


See 


a rei 
Aili salt 


65 
Sayel es Effect of temperature. 


Table 22 gives the relative occurrence of the Aspergillus 


groups due to temperature at various moistures. 


TABLE 22: THE RELATIVE OCCURRENCE OF THE AspergitQus MOULDS DUE TO 


TEMPERATURE EFFECTS, PERCENT. 


Final moisture Mould group Temperature, °C 

content, percent 1205 28.0 

ase, A, tuber 47 53 
A. $Lavus 20 34 
A. glaucus os AS) 

2 aC RE aA OOo are. 2 O3%e ae cope mee ere rel) am 
A. flavus 19 60 
A. glaucus 28 10 

2540 A. ruber 28 6 
A. 4Lavus 33 35 
A. glaucus 39 59 

5.7.2 Bacterial count. 


The bacterial population was greatly reduced due to the 
application of Chemstor to the high moisture barley. As a result, 
insufficient bacterial data (Appendix C) was obtained to indicate any 
trends. However, units RIM,CiT, and RoM) C17, each yielded bacterial 
counts of 160,000 and 97,000, respectively at 50 days. Unit RM CiT 
was removed at 50 days due to mould proliferation while, unit ROM C11. 


was maintained for the duration of the experiment. 
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6. DISCUSSION OF RESULTS 
6.1 Carbon dioxide production. 

Carbon dioxide production served as an indication of mould 
development for units treated at 41% and 51%, but not at 29%,of the 
recommended Chemstor application rate. The sequential decline of C0, 
production, at 41% and 51% treatment rates, to an average of 6 mg. C0., 
at 50 days (figure 9) suggests that the Chemstor application rates were 
sufficient to sterilize the grain kernels and prevent microflora from 
developing. However, in units where mould development occurred 
(RIM) CyTg; RyMoCT, > RiMoCaTy 9s RoM3C1 To. RoM,C,T and RoM3C,T1 9)» a 
sudden rise in C0. production was noted, 

The high moisture barley treated at 29% of the recommended 
Chemstor application rate also resulted in decreased C0. production 
with time. However, at 50 days, no decrease in C0., production occurred. 
Visual inspection of units yielding high CO, production indicated no 
evidence of mould development. 

Duncan's test on the mean C0, production rates for each 
temperature condition for all the CO, determination intervals are given 
in Appendix D. Of interest is the effect of the three storage 
temperatures, 1285 26h 28.0°C and 37.0°C on the C0, production rate. 

At 10 days, Duncan's Test indicated that no variable 
differences existed in the mean C0. production between units stored 
within either storage temperature (12 15°° and 28.0°C) but the mean CO, 
production from the units stored at 28.0°C differed significantly (P < 
0.05) from that of units stored at 12.5°C. The units stored at 28.0°C 
produced more C0. than those stored at 12.5°C 


At 20 days, the mean CO, production from the temperature 
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67 
condition T5s stored at B7e0aC. was Significantly greater (P < 0.05) 
than the temperature condition ie stored at 28.0°C. The mean CO. 
concentration from the temperature condition T¢ decreased and was not 
significantly different (P < 0.05) from the mean C0, production from 
Ty, alia 


the temperature conditions T 5° The mean C0, production from 


SHE ts 
the temperature condition Ty, stored at aTAO-k, was not significantly 


different (P < 0.05) from the temperature conditions T and T 


g? |g 10° 


stored at 28.0°C. 

At 30 days, the mean C0, production from the temperature 
conditions T,, Tz and T, were significantly different (re=0,05)r 
Temperature conditions Ty, Tes Tes Ts and Tg3 and Tg and Tho were not 
significantly different (P < 0.05). 

As expected, Duncan's Test at 10, 20 and 30 days indicated 
that sudden changes in the storage temperature conditions increased or 
decreased the rate of C0, production. This was evident by the fact that 
the mean CO, production for each temperature condition was normally 
underscored once. 

Subsequent comparison of the temperature conditions will be 
restricted to grouping the units as follow: Ts T¢ and T, at IW aeeand 
ae ke yale 
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10 Zor eaeey 9 
At 40 days, no differences in the mean CO., production 


T,, T, and T., at 28.0°C; and T 


lowers 


existed between the units stored at 12.5°C and 37.0°C. The mean CO, 
production from the units > T3 and Tio» stored at Pao o? were all 
significantly different P < 0.05) from each other. 

For the C0, determination intervals 50 to 150 days, 
generally, the mean C0, production between units within each storage 


temperature was not different. Deviations from the general statement 
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68 
occurred at the 60, 70 and 80 day C0, determination interval for unit 
Te stored at 12.5°C and unit Tho stored at 28.0°C for 125 days. 

The examination of the C0. production data did not indicate 
why the mean CO, production from temperature condition Ms was different 
from Te and Tg. The production of 200 mg.C0.,/100 grams dry matter/ 25 
days in unit RIMoC 3119 resulted in temperature condition Tho being 
significatnly different (P < 0.05) from temperature conditions 1 and 
T3 at the 125-day CO, determination interval. Mould proliferation also 
was evident in unit RiMoC211 5. Unit RiMoC37, also produced moulds, 
paralleled with 164 mg. C0,/100 grams dry weight/ 25 days at the 125-day 
CO. determination interval. 

G22 Final Chemstor acidity. 

Duncan's Test on the final mean Chemstor acidity due to 
temperature (Appendix D) indicated that the units stored at 37.0°C 
yielded a higher final mean Chemstor acidity than those stored at 1225-0 
and 28.0°C. There were no differences between the final mean Chemstor 
acidities at 12.5°C and 28.0°C. 

Table 23 gives the mean difference between the final and 
initial Chemstor acidity for each temperature condition. There was a 
decrease in acidity in the units stored at 12.5°C and 28.0°C. The 
decrease was probably due to the vaporization of the Chemstor during 
aeration. At 37.0°C all units exhibited an increase in Chemstor 
acidity. The actual acidity increase at 37.0°C was probably higher 


since the amount of Chemstor lost due to vaporization was not measured. 
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TABLE 23: COMPARISON OF THE OVERALL INITIAL AND FINAL CHEMSTOR 
ACIDITY FOR EACH TEMPERATURE CONDITION. 


i 


Storage temperature, “fe 


12.5°C 28.0°C pioue 
TG PeST BV ENT Sema A oP yeL 1-5 ANGI Fg Th UTE ES Teh 
Salinean 0.40 0.42 0.43 0.41 0.40 0.42 0.72 0.76 0.73 0.66 


Chemstor acidity 


Overall Initial Oo290752).052; (02520. 5290752) 0N52 20552" 0.52 be 
Chemstor acidity 


Difference -0.12-0.10-0.09 -0.11-0.12-0.10 +0.20+0.24+0.21+0.14 


Duncan's Test on the final mean Chemstor acidity due to 
Chemstor application rate within moisture (Appendix D) showed that 
the Chemstor levels Cy and C4 at 18.7% and 22.6% moisture were not 


significantly different (P < 0.05). The Chemstor levels C1. C, and C, 


at 25.5% moisture were all significantly different (P < 0.05). 


2 


Ga Length of storage. 

Duncan's Test (Appendix D) showed that on the:mean length 
of storage due to C/M no differences existed (P < 0.05) between 
Chemstor levels Cy and C, within each moisture. Chemstor level C 
was less effective and different from Cy and C3. 

Duncan's Test on the mean length of storaqe due to 
temperature indicated that no difference existed (P < 0.05) between 
units stored at 28.0°C. No differences existed between the units 
stored at 12.5°C and 37.0°C. 

6.4 Microflora. 
The Chemstor application rates combined with the fixed 


temperature conditions limited the development of moulds within the 


high moisture barley. For example, 74% of the units yielded less than 


33.0°€%.0 30.0 S¥.0. $9.0 -0B.0 8.0: €N0 SA.0 08.0 
a wee set 


$2.0 $8.0 $2.0 $2.0 Sé.0 S#.0 $2.0 $2.0 Sd.0 $2.0 tint [isyev0 
| a. 6 10 

AT .O#TS OFS OHS 0+ OF 0-80-11 ,0- 00,0-01.0-81.0- soneyett td 

~- TT - = ~ - 4 - - 


of sub yttbFss “osematd neem feat? sit no s2oT etnsonu 

tent bswoh2 (A xftbmagaA) svuserom nindiw stey nose t Tags odemand 

ton ov9w swutefom 836.88 bos &\.8T $6 59 bis <2 efavel sotemend eft 

-) bas go 449 efaval ‘wogemadd oat (20.0: »/4) Jnorstttb yPinsotttapte 
(80,0 > 9) Fnarsttth yisnsotttapte (fs ovow swsetom £2.88 Ie 
spstose *6 dips €.8 

tipnel neomodt no tats bswode (0 xtbasqgA) tzsT 2"neonul = 
ngovted (20,0 > 9) betetxs 2aonaysttib on M\9 0d oub speed Fo 


(2 Tevet sotamedd wusetom dase Ntnsiw ¢2 bas g? 2level rotemad) 


vg BAB gd mont ingyettib bis avtsaette 22ef sw 

of Sub sost082 Yo to dapnaf néan ant no S207 2! nsonud nora 

sowed (20.0 » 4) sbaterxe se Pic ete sutras 
ae ok Sha achat: soviet 

pan A th os 1Y 2 metho ae) 


70 
300 moulds per gram during all mould determination intervals, while 
26% of the units yielded mould counts greater than 300 in at least 
one or more mould determinations. Furthermore, in the units yielding 
a mould count greater than 300, 18% were treated with Chemstor level 
C15 and 8% were treated with Chemstor level Cy and C35 all units were 
stored at either 12.5°C or 28.0°C. As a result, statistical analysis 
of the mould data was not carried out since visual inspection yielded 
the desired information. 
6.4.1 Effect of temperature. 

The A. glaucus, A. ruber and A. flavus mould continued to 
persist at 12.5°C and 28°C (figures 1] and 12). Although their 
numbers were reduced, the presence of moulds indicates that spoilage 
may be initiated some time in the future. Units stored at 37056 
exhibited virtually no moulds during the test periods. The exceptions 
being that units R{Mi C1195 RoM C11, and RoMC,T. had some mould 
development. 

Se) Summary of results. 

In this investigation an attempt was made to study the 
biochemical and storage characteristics of high moisture barley 
treated with marginal levels of Chemstor. The results indicated that 
biochemical changes and duration of storage were influenced by the 
experimental conditions. However, several queries may arise from this 
investigation. 

Firstly, no consideration was given to the degree of the 
initial microbial infection. The barley used in this investigation 
initially had a viable count of 1,180,000 bacteria and 800 moulds per 


gram based on 10.0% moisture, which may be relatively low. In this 
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7] 
investigation, the bacterial population was nearly eliminated, however, 
the storage moulds continued to persist especially at the veal 6 
Storage temperature. If the initial mould contamination of the barley 
had been higher, then the high moisture barley may have spoiled at a 
faster rate and the levels of Chemstor applied may have been insufficient 
to hinder such spoilage. 

Secondly, counts of bacteria arid moulds, especially in units 
RIMAC 31) » RIMoC3T 1 95 RoM3CoT 19> RoMCoT 3, RoM3C1T. and RoM,CiTg> were 
difficult to obtain. Localized moulding occurred in these units and a 
representative sample could not be obtained. Examination of the storage 
data revealed that moulding occurred shortly after the 50-day or 100-day 
microbial analysis. Therefore, the possibility of external contamination 
of these units existed. Furthermore, it was also probable that the units 
may have become entirely moulded if left in storage for sufficient time. 

Thirdly, the techniques used for measuring Chemstor acidity 
were adequate for the initial acidity, but were considered inadequate 
for the final acidity. Final acidities were recorded as Chemstor 
acidity with no knowledge of the absolute amount of Chemstor remaining 
on the kernels, nor the amount of acidity attributable to biochemical 
changes. Although there was an overall decrease in the final Chemstor 
acidity at 12.5°C and 28.0°C, an increase in the final Chemstor acidity 
was noted at a7 108C (table 23). From the data, it may be assumed that 
an increase in acidity occurs at a7 0eGe but the same assumption cannot 
be made for the 12.5°C and 28.0°C storage temperatures without the 
determination of the absolute amount of Chemstor remaining on the 
kernels. 


Fourthly, although orthogonality was maintained in the 
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72 
analysis of variance by the substitution of data and the elimination 
of an entire Chemstor application level, the use of a common 
storage period for the analysis of final pH, Chemstor acidity and 
moisture content was not considered. Generally, the elimination of a 
mouldy unit resulted in final pH and Chemstor acidity values being 
higher. than from-those units stored in similar experimental conditions 
for the duration of the experiment. The extrapolation of data, for 
the units removed, to a common basis of 150 days was not considered 
practical since the final pH and final Chemstor acidity could not be 
predetermined, 

Fifthly, a thorough investigation of the physical 
characteristics such as odor and kernel color were not considered. 
However, a few points are noteworthy. The grain kernels, from the 
units stored at ey MRL oe turned notably darker. No color differences 
were noted between the units stored at 12.5°C and 28.0°C. Units stored 
at 12.5°C and 28.0°C emitted a Chemstor odor, whereas, no odor was 


emitted from the units stored at cyte 
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7. CONCLUSIONS 
Under the conditions of the experiment described, the 
following conclusions are made: 

iP Carbon dioxide production from chemically treated high 
moisture barley can be used as an indicator of microbial 
development under laboratory conditions. However, this 
method should be restricted to high moisture grain 
initially treated with sufficient chemical preservative 
to sterilize the grain kernels. Subsequent sudden rises 
in carbon dioxide production from the treated high moisture 
barley may be BE Cripdced to microbial development. 

ee The Aspergrllus ruber, A. Flavus and A. glaucus moulds can 
persist in high moisture barley treated with reduced levels 
of Chemstor. The relative abundance of each mould was 
influenced by the Chemstor application rate, moisture 
content and storage temperature. 

S Virtually no moulds and bacteria were found ata storage 
temperature of 37.0°C regardless of the Chemstor application 
rates. Microfloral counts were obtained at 12.5°C and 
280°C storage temperatures with greater numbers of 
microflora occurring at the lower temperature. Increasina 
microfloral counts were obtained from barley treated with 
decreasing Chemstor application rates. The data suqaest 
that Chemstor may be used more effectively at higher 
temperatures, provided that the chemically treated high 


moisture arain is initially stored at a high temperature. 
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The application of Chemstor at 41% and 51% of the 
commercially recommended rate to 18 and 25% moisture 
barley reduced the numbers of bacteria and moulds and 
maintained the keeping quality of the arain effectively 
for up to the experimental period of 150 days. 
Barley stored at 37.0°C exhibited a higher total acidity 
content than that stored at 12.5°C or 28.0°C. The 
increase in acidity probably could be attributed to the 


formation of lactic acid. 
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APPENDIX A: CARBON DIOXIDE PRODUCTION. 

Carbon dioxide production data collected for all the units 
are presented in the following pages. 

In the heading to each section the Moisture level, Chemstor 
application level and Replicate number are given. The Moisture and 
Chemstor levels correspond to the obtained initial experimental levels, 
which are given in table 11. 

The columns in each section correspond to the carbon 
dioxide production determination interval, which are appropriately 
identified (days). The rows in each section (numbered one to ten) 
correspond to the imposed experimental conditions. Reference may be 
made to table 8 for the row identification. 

Asterisks identify the time of removal of a unit from the 
experimental condition. Where applicable, the carbon dioxide 
production data proceeding an asterisk is comprised of the average 
from units in the same experimental condition. The carbon dioxide 


production data is given as mg. C0,/100 grams dry matter/unit time. 
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APPENDIX B: FINAL DATA. 

The final pH, Chemstor acidity and moisture content, 
and length of storage for each unit are presented in the following 
pages. 

Each section is headed by the Moisture level, Chemstor 
application level and Replicate number. The Moisture and Chemstor 
levels correspond to the obtained initial experimental levels, which 
are given in table 11. 

The columns in each section appropriately identified, 
correspond to, respectively, pH, Chemstor acidity, Moisture content 
and Storage time. 

The rows in each section (numbered one to ten) correspond 
to the imposed experimental conditions. Reference may be made to 
table 8 for the row identification. The pH data is given in absolute 
values; Chemstor acidity as percent; Moisture content as percent wet weight 


weight; and Storage time in days. 
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APPENDIX C: MICROBIAL ANALYSIS 
The microbial counts and mould descriptions for each unit 


are presented in the following pages. 

Each section is headed by the Moisture level, Chemstor 
application level and Replicate number. The Moisture and Chemstor 
levels correspond to the obtained initial experimental levels, which 
are given in table 11. 

The columns in each section correspond to, respectively, 
unit number, microbial analysis intervals, bacterial count, mould 
count and mould description. 

The units (numbered one to ten) are subdivided into 50, 100 
and 150 day microbial pene intervals. Reference may be made to 
table 8 for unit identification. Only counts greater than 300 are 
recorded. Counts less than 300 are represented with asterisks. eros 
Signify the absence of microflora. Units removed from the experimental 
conditions are represented by dashes. The counts are given as per gram 
of grain. 

A. gl., A. Ruber, A. Fl. and Pen. represent, respectively, 
Aspergillus glaucus, Adpergillus ruber, Aspergillus flavus and Penicrct- 
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APPENDIX D: DUNCAN'S TEST. 

Duncan's Tests are presented in the following pages. The 
data tested is approximately identified. The experimental levels 
corresponding to the obtained mean values are arranged in an 
ascending order of magnitude. Reference may be made to tables 12, 
61 and 20, respectively, for Duncan's Tests a, b and c, and d. 

The mean values underscored by the same line are not 
Significantly different at the 0.95 probability level. 

For Duncan's Test (a), reference may be made to section 


6.1 regarding the method of underscoring. 


uo iy 
att pale mae ‘ot nec 


; " 
T 2"negnud hall 


2fevel ingen: oat at rt j 
ns ni bapisris: ae eto 9M" a 2 
«Sf 29Tdss oF ebsm ad enn sonenatof 


ot 


r em mae 
aio 


ton ots snff ombe ‘ xd bevaseobi aout nse T 


aval vst tdsdorg ac, 0 ais: 26 Snore 


niotios2 of sbam Sd yom Sonsistsy .(s) d29T 2 naar 10% 


[Ps 
pa topevebmu to brian ont eotee 


part bsdi : a 
—e oT le Baie - 


ve 


ye 
Tat 


DO. BN tbne 131 " 
i Fi 
.b bné .2 ba6 4 46 ‘edzaT 2 er 9 ion 3 as ‘ba nh: 


. a 
ov" 


— 
2 


104 


(a) Duncan's Test - mean C0. production for each temperature condition. 


Days 

10 oh dl UN a As) lh SE tej te, Te) 
20 Gp) Sp ue acy ay een ee vi ] 2 
30 Cee ene eee e059: 3 4 
40 SeeOn fi een cece roe aL Ol 3 
50 op ee oe ee nln gets) ae Gl 3 
60 SEP cate hehe merce) scene Mrprale «4°, 4 
70 ey ee let eos eek ee 7 
80 Games ee OA NO en lane > pe ee ee 9 
90 Gs Star One Oe eles beeen?) ae 9 
100 Rae Oe | Sekt) eee yee 1 9 
125 Gan eho as 6s 0 Ole on eee 10 
150 8 6 (yO Gy te Ssh ee ee 7 


(b) Duncan's Test - final mean Chemstor acidity due to temperature 
Dae hee panei OPeO. Sem ued ae ny 
(c) Duncan's Test - Chemstor application rate within each moisture content. 


Initial moisture content 


18.7 ] 2 g 
(aca) ] 2 3 
(ai ] 2 3 


(d) Duncan's Test - length of storage 
(i) - Chemstor application rate within moisture 


M, 2 3 
Mo ] 3 Z 
M3 ] 2 3 


(ii) Temperature 
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